This study aimed to test the hypothesis regarding the quality of Hovenia dulcis fence posts, which states that it varies according to the treatment period when subjected to the sap displacement method.. The experiment began with 15 round fence posts distributed vertically in tank containing copper sulfate, sodium dichromate and boric acid (CCB) solution at 2.5% concentration. In order to verify the influence of time on the efficiency of the method, the posts stayed in the preservative solution for periods of 3, 6, 9, 12 and 15 days, which were assessed. Penetration and retention in three positions were analyzed, which corresponded to the regions of base, middle and top parts. With regards to treated wood, samples of each piece were prepared for testing in field test. Then, weight loss and bending properties were assessed. According to the results of penetration and retention, wood treated on the period of 15 days is the only one that can be used directly with the soil. After assessment of the weight loss, the periods of 12 and 15 days of treatment increased the classification of wood from moderately to strong resistant. The bending test showed significant reduction in rigidity and strength of the material, even in the treated ones, which demonstrates that the forest environment in which samples were exposed promoted the process of wood decomposition. Keywords: Durability, wood preservation, Japanese raisin tree, decomposition.
INTRODUCTION
Wood is a renewable material, and its physical-mechanical and anatomical properties allow its use in various purposes such as in construction, furniture industry and pulp and paper production. It is also an important raw material for energy production. When compared to concrete, plastic, steel and aluminum, wood has numerous advantages, such as appearance, high mechanical strength, easy workability, as well as being a good thermal insulator. To a lesser extent, some disadvantages may also be mentioned, especially regarding its low natural durability, cracks and warping (VIDAL et al., 2015) .
Deterioration of wood is a process in which its properties change due to physical, chemical, mechanical or biological agents; the latter being of greater economic importance (MILANI; KRIPKA, 2012) . The biological agents, mainly fungi and termites, attack the wood to use its constituents as an energy source as well as for shelter, and physical and chemical agents act together with them, accelerating the rotting of the material (CLAUSEN; GLASS, 2012 Wood can be protected in order to increase its length of service. The most common method is chemical preservation (LIIBERT et al., 2011) . This protection is crucial for species of low natural resistance or that contains high quantity of sapwood. The treatment effectiveness is assessed by the retention and penetration of preservative products, guaranteed by the minimum levels recommended by technical regulations, according to the class of use of the material (CLAUSEN; GLASS, 2012) .
Wood of Hovenia dulcis Thunb., popularly known as Japanese raisin tree, presents great quality for rural construction and woodwork. According to studies of Vivian et al. (2011) , its physical-mechanical characteristics are similar to those of Cordia trichotoma, which is why the wood and furniture industry in the mountainous region of Rio Grande do Sul, Brazil, has already been planting this species on a small scale, Up to this date, it has been obtaining good results. This wood presents potential for use in construction, carpentry, beams, rafters, boards, flooring, fence posts, and manufacture of furniture and laminated floors, in addition to its use in the pulp and paper industry.
Species with rapid growth and good quality wood, as Hovenia dulcis, are excellent choices for supplying of roundwood to companies and small farmers. According to Vidal et al. (2015) , in the forestry segment of treated wood, there is a gradual replacement of native species by those of rapid growth with similar characteristics and greater availability. The most common use of roundwood post occurs in the production of poles for rural electrification, fence posts, supports for vines, and foundations in rustic constructions. Because of the use versatility of this material, it needs to be properly treated, guaranteeing the desired durability (MODES et al., 2011) .
According to Melo et al. (2010) , the efficiency of the methods and preservative products applied to the wood can be determined by tests in known locations, such as field test, in which wood is exposed to the soil, to environmental weathering and to wood destroying organisms. This study aimed to test the hypothesis regarding the quality of Hovenia dulcis fence posts, which states that it varies according to the treatment period when subjected to the sap displacement method.
MATERIAL AND METHODS
The raw material was collected in Hovenia dulcis plantations, located at the State Agricultural Research Foundation -Research Center for Forest Resources (FEPAGRO -Fundação Estadual de Pesquisa Agropecuária -Centro de Pesquisa em Recursos Florestais) in the municipality of Santa Maria, Rio Grande do Sul state, Brazil. Five trees were selected according to certain criteria, such as diameter at breast height (DBH), straightness, and healthy appearance of its trunk.
The trees were cut into 15 logs of 1.5 meters of length; size indicated for stakes to electric fences in the landscaping area. As soon as the material was peeled, the cell layer of the cambium was removed and sent to preservative treatment by the sap replacement method, which occurred around 4 hours after cut. The treatment began with 15 round fence posts vertically distributed in tanks of 100 liters that contained copper sulfate, sodium dichromate and boric acid (CCB) solution at 2.5% concentration. The posts were placed at 50 cm of height in contact with the solution.
In order to check the influence of the period in the material treatment, three logs in contact with the preservative were removed every 3 days, which resulted in the following treatments: T0 = natural resistance; T1 = 3 days of treatment; T2 = 6 days of treatment; T3 = 9 days of treatment; T4 = 12 days of treatment and T5 = 15 days of treatment.
As soon as the preservation method period was finalized, the material was dried for CCB (copper sulfate, sodium dichromate and boric acid) mixture fixation. Later, disks for assessment of the preservative treatment and field test samples were made. Chemical analyses were performed in order to determine the penetration and retention of the CCB in the treated parts. For that, two disks removed from fence post in three positions were used. The positions corresponded to the base, middle and top of the piece (0.10, 0.75 and 1.3 m). This procedure was meant to demonstrate if the treatment was equally received over the whole length of the pieces.
The penetration was verified by colorimetric reactions of copper element, following the indications of the Brazilian Regulatory Standard (NBR -Norma Brasileira) of Brazilian Association of Technical Standards (ABNT -Associação Brasileira de Normas Técnicas, 2013). To measure the depth reached by the preservative, the pieces were marked at random in two diameters perpendicular to each other, and the readings were taken on those diameters. The average value of the readings of each disk represented how much of the chemical element penetrated in the wood.
In order to obtain the retention value of each wood, samples from each disk were taken in the dimensions of 2.0 x 2.0 x 2.0 cm (radial x tangential x longitudinal), and then sent to the laboratory, where readings of spectrometry of atomic absorption were taken. From the obtained data, retention calculations were executed, as described by Paes et al. (2008) . FLORESTA, Curitiba, PR, v. 48, n. 1, The field test was installed in a recovered forest fragment in the municipality of Santa Maria, Rio Grande do Sul, Brazil, in a soil of textural class loam with pH 4.7. Information regarding the main attributes of the soil in the area is described in Table 1 . Samples removed from the entire treated part were vertically fixed up in half of its length (15 cm) and spaced 30 cm apart. They remained exposed for 120 days. Wood specimens before and after field exposure were dried in oven at 103 ± 2 °C to obtain the dry mass. According to the difference between the initial and final dry weight, the weight loss was obtained. To assess the resistance of natural and treated logs during the exposure period, the wood weight loss was compared with the amounts presented by the American Society for Testing and Materials (ASTM D-2017 (ASTM D- , 2005 (Table 2) . The bending test followed the ASTM D-143 (2005) with adaptations. Forty-nine samples constituted the sapwood, with dimensions of 2.5 x 2.5 x 30 cm. Seven were used as control treatment, with no exposure to the elements, and 42 were submitted to exposure. The test was performed in a universal mechanical testing machine, with automated data acquisition system. Data were assessed by the Shapiro-Wilk test, and data normality was verified at 5% probability. The penetration and retention of the pieces were analyzed by a completely randomized design in factorial arrangement of 3 x 5 (3 positions and 5 length of stay in the preservative solution). The means of these variables were assessed by the t test. For the assessments of weight loss and bending test, the analysis of variance of means was performed and the null hypothesis was rejected, which showed there is a significant difference between the treatments. The Tukey test (5%) was used to assess the means.
RESULTS

Efficiency of preservative treatment
According to the analysis of variance, a significant interaction between the treatment time and the fence post position was observed. Penetration values are shown in Table 3 . In general, the penetration of the elements showed distinct behavior with regards to preservative exposure time and position on the piece. The penetration in the base in the used concentration was satisfactory for all times, reducing over the length of the piece. Only one value in accord with the recommendation was verified for the middle of the fence post, which was obtained after 15 days. All values for the top were considered insufficient to guarantee adequate protection of the wood.
The treatment had deeper penetration in the base of the pieces, i.e., in the part that remained in direct contact with the treatment solution. The increment in penetration occurred in treatment time of 3 days. Times of 9 and 12 days had higher averages in base, when compared to treatment time of 15 days. However, the latter showed greater homogeneity in the results compared to the assessment of all positions of the piece. Thus, it was considered more efficient.
The analysis of the variance of the effects of position and time indicated the existence of significant interaction between these factors. Table 4 Parts treated in the period of 15 days with samples from the base were the only ones that showed satisfactory retention results, as recommended by the NBR 6232, (ABNT, 2013) . Thus, they are indicated for use in direct contact with the soil. The results related to other periods and locations are below the minimum set. Therefore, the use of wood in environments susceptible to attacks by wood destroying organisms is forbidden.
Weight loss
Results obtained for the weight loss percentage for different periods are shown in Table 5 . When the wood was kept in contact with the preservative solution for 3, 6 and 9 days, weight loss decreased in comparison with the control. These results indicate the ineffectiveness of the treatment and make the preservation procedures unnecessary. Even though the material treated for 9 days has showed to be numerically better, it remained in the moderate resistance class. It did not differ with the treatments mentioned above. In the treatments of 12 to 15 days, the weight loss decreased and achieved the classification of resistant wood (Figure 1) . 
Static bending
The assessment of the static bending revealed wood modulus of rupture values (MOR), elasticity modulus (MOE) and tension in the proportional limit (σLP). This information is presented in Table 6 . The period in the field test generated changes in the wood, which affected the mechanical properties studied; i.e., the modulus of rupture and the elasticity of the wood, after exposure of 120 days to the forest environment. The tension in the proportional limit, another modification after exposure, decreased 80% in relation to the initial values of the property. When we observe the amounts related to the treated wood, we perceive a gradual increase due to the period in which the wood remained in the preservative. While the treatment of 3 days showed results close to non-treated species, the other treatments (6, 9, 12 and 15 days) presented higher values and, thus, an increase in the physical and mechanical properties. These results demonstrates the proportionality between period of treatment and wood properties. 
DISCUSSION
Efficiency of preservative treatment
Regarding non-industrial methods, such as the sap replacement, full penetration of the sapwood over the length of the parts is hardly obtained (PAES et al., 2014a) . However, Paes et al. (2007) defined penetrations higher than 10 mm as sufficient. The treatment had deeper penetration in the base of the pieces. This result is considered advantageous, since this position is the most favorable to the development of wood destroying organisms in pieces installed in the ground, as mentioned by Torres et al. (2011) . According to Paes et al. (2014b) , the highest values for retention in the base can be explained by its contact with the preservative solution. As the lower portion remains submerged, it is the first to translocate water and absorb the preservative. Thus, it distributed the preservative irregularly through the rest of the part by capillarity.
According to Farias Sobrinho et al. (2005) , woods with retention of 4.0 to 6.5 kg of ia.m -3 can be used in structures out of direct contact with the soil, as long as they receive reinforcement on their top. The treatment of 3 days and all periods for middle and top showed inferior results in comparison to those mentioned by the authors. Only the base showed results for the period of 6 days It is possible to understand the lack of homogeneity in the results if we consider the non-realization of the inversion process of fence posts during the treatment (TORRES et al., 2011) . This process did not occur in order to enable the assessment of the effect of capillarity. According to the authors, the technique provides greater protection for the material. Meanwhile, the upper part deterioration of the piece by physical agents due to exposure to the environment favors the appearance of wood decay organisms.
Weight loss
The weight loss of Hovenia dulcis wood, with no preservative treatment (control), was considered as moderately resistant in relation to the natural forest environment, according to the ASTM D-2017 (2005) classification. As reported by Rigatto et al. (2001) , this species is resistant in concern with its natural durability. However, when it is in contact with the soil, this wood shows less resistance. In similar research, Modes et al. (2012) pointed the species as resistant in relation to white rotting, under laboratory condition. Ribeiro et al. (2014) stated that the difference for the assessment of the durability in the laboratory and in field test occurs due to the fact that the latter submits the wood to deterioration and degradation risks. These aspects are not contemplated in tests performed in the laboratory.
Even with the treatments, the values found for weight loss are considered high in comparison to those reported by Modes et al. (2012) . These results can be explained by the exposure of the samples in the field test, located in a forest area composed by several arboreal, native and planted bodies. The conditions of the forest, especially in relation to the ground, favor the development of microorganism decomposers. The values of total porosity (0.53 cm -3 ) and bulk density (1.2 g cm -3 ) allow the soil to remain with high levels of humidity, which enables the development of microorganisms even in periods of drought (SILVEIRA et al., 2015) . The organic matter content present in the soil (3.3%) is considerable and also provides better conditions for the development of organism decomposers (CARVALHO et al., 2016) .
Static bending
Water-borne preservatives, for example, their formulation copper, arsenic and ammonia, react with the wood. When used in certain situations, such as no pressure treatments (sap displacement), these products may reduce its mechanical properties by promoting corrosion of mechanical fasteners (KRETSCHMANN, 2010) . The high reduction of mechanical features is related to the exposure environment, even if the wood has undergone preservative treatment. In similar work, Vivian et al. (2014) found that samples set up in the forest deteriorated more than others did. These results relate to inherent edaphoclimatic characteristics of the forest environment that favor diversity and activity of decomposing wood organisms.
The high rate of wood decomposition in the forest environment is influenced by the higher humidity of the forest, as well as by the higher water storage capacity of the soil. It is also influenced by the little sunlight transmission through the canopy, which provides low luminosity and temperatures in the field environment (MELO et al., 2010) .
CONCLUSIONS
• The treatment time of, at least, 15 days is indicated for the Hovenia dulcis species, since it was the only period that provided penetration and retention values within the pre-established norms. It corresponds to the region of base of round fence posts.
• The treatment with CCB provided greater behavior performance rate than treatments in accord with weight loss. It presented satisfactory values after exposure to the field and changed its rate from moderate to resistant.
• The assessment of the static bending revealed a significant reduction in stiffness and resistance of the wood after the field test period, even when the wood was treated. It demonstrates that the forest environment promoted the process of wood decomposition
